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ABSTRACT

Defense systems increasingly rely on software (SW) and artificial intelligence (Al), yet defense SW
development costs continue to be estimated primarily based on labor effort and wage rates, with
insufficient consideration of project characteristics and technical complexity. This study examined
practitioners’ perceptions of the current cost estimation system and explored potential improvements.
Survey items were developed through a preliminary survey of 35 small and medium-sized defense
SW firms, followed by a five—point Likert-scale survey of 96 practitioners. All eight identified
limitations received mean scores significantly above the neutral midpoint (M = 3.71-4.00, p { .001).
Across all 13 cost items, perceived necessity significantly exceeded current levels of cost recognition
(d = 0.36-1.33), with the largest gaps (+1.64 to +1.78) observed in maintenance and performance
enhancement, Al testing and validation, dataset construction, and model training. Al-related items
were perceived as equally necessary as non-Al items but were significantly less reflected in current
cost estimates. Respondents also expressed strong support for project-specific adjustments (M =
4.12) and five proposed adjustment factors (M = 3.84-4.08). These findings suggest that effort-based
estimation should be retained as the baseline while Al development and life—cycle costs are separately
identified and project-specific adjustment factors are incorporated. The proposed cost estimation
framework remains conceptual and requires further validation using actual project cost data.
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AAAAZ wr2A A= ek et F7AA A SWe #4715 AT ofy e} -8 717
M) A9 ABANE Hehe B4 Qoolth. ol FHE oleis B4 Wdsiol A4l
3 HFEEAQL SW /) AlT-S B EHEE A|L5F5FHTHU.S. Department of Defense, 2020).1
53] AL/ A Hole] 75, B 3, AR - 4% L Asigo] L0 ojzojn, Y
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ol&fgt i w9l Wsto e E-total = SW /EH= 35 SW ti7H A AL HARIZ A A
7} 3% ALEe AeF oA APYE|Tl Qlck(Korea Artificial Intelligence and Software Industry
Association, 2025; Ministry of National Defense, 2026). @9 EUorHS £ Q129 534 A7}
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1) U.S. Department of Defense. (2020, October 2). Operation of the Software Acquisition Pathway (DoD Instruction
5000.87).

2) ARAFAS - 2LEOIIIYS. (2025). SWAY 7MY Fol=20258 A9,
SR 2026). PALAIIEAS) W] Bet FAGERS A12025). FHIFARAE,
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B emo] 242 023} 2o GoIAE SW AEN] AVg wHA3h Fu swe] E4o] B o]
4l % ABATE AED AL AE B3| £5 A3 24 47 3

AN, VAN @ APgAAL AgHAL, Bl g 9=

Aol thet B4 2 AN o To 2 VAL AT ATk Eeste] T sw A
ARAAY ARTFS =T, AT B9t FF ATHAS AT,

SW A 4Pg WA A R4 SN HA R A A oR FRE £934
He APt Wast Aol 533 AY, FYIRS AL o470 7% LUWE H85to]
ARAANE 7o 5 A, 1w, YRS MR BA0R, 4P 2A7 Waksn el
7 golahehs el Slek. ¥ 7] Function Point) WA SW7h AF5H: 7159 FRE 5
Aote] 15 H5T WS A8t WAOR, £Y Qo] ofd AEE FRE EOR 5] g
o AAHY Zfol7t th7tel BIoiE 4= Stk T BT SW ARIOIAE SWARY Th7hARg ol o]

et 7154 S BALE 5 584 Aol olele AT FUBS WAL HYE 4
Lol 2 5l QJth(Korea Artificial Intelligence and Software Industry Association, 2025).3)

SW H]§ 54 ool FEo} v 8EAL YO F4ot UL Ak vhpEs wo]
L ARE 7dtE]o] Ytk COCOMO I+ YAIZE &l 4 7| 5-84E ST o F2Q1A}
(scale factor)2} 254> (effort multiplier)S Z-83}0] F4¢ AA-S =451 (Boehm et al., 2000),9
PRICE-S9} SEER-SEM HA| 11, 7 &4, & ERF, A= 84 5 o= w7z vl&
3 AL Aol mYo Ik BEAYQ) HRA0] BEE|o] FrhPak, 1988; Galorath &
Evans, 2006).5 7]58 842 Albrecht(1979)7} AH&& 7|52 12 &4 ®HOZ A|QksH 0]ﬁ H
AL H0 U [SWAR th7HAH 7kl =, 9 71535 WA o]df 7]uigit). o]=3t £ =
3 AFME B 1 Hgk vuet A 2AgE §¢ 450l F8 AFIAR HFoIA

3) AFABAL - AZEOUIIYT]. (2025). SWAR] B/MEY Fol=2025d ).

4) Boehm, B. W., Abts, C., Brown, A. W., Chulani, S., Clark, B. K., Horowitz, E., Madachy, R., Reifer, D.
J., & Steece, B. (2000). Software cost estimation with COCOMO 1II. Prentice Hall.

5) Park, R. E. (1988). The central equations of the PRICE software cost model. Paper presented at the 4th COCOMO
Users” Group Meeting, Software Engineering Institute, Carnegie Mellon University.
Galorath, D. D., & Evans, M. W. (2006). Software sizing, estimation, and risk management: When performance
is measured performance improves. Auerbach Publications.

6) Albrecht, A. J. (1979). Measuring application development productivity. In Proceedings of the Joint
SHARE/GUIDE/IBM Application Development Symposium (pp. 83-92).
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(Jorgensen & Shepperd, 2007).7)

=1 Fopo A ol2jt HYS =1 S0 WA A& - Bt A7 o]Fol AT wl=o
Me SR SW ALAE(SRDRYE HIF 2 & = SWO| 3-§39E A 71e Bl 4

A 2lo] AA =9I (Clark & Madachy, 2015),8) o= ZHIE oz}l AMY] 22 E Hlg oz 27
[AARY 7E . AER ke o - 98 SR P 0] AdEUTH(Rosa et al, 2022).9) U A=
=1 SW B[ &AM o] & EH PRICE-SE AT EQojAtdE 3] Bd} H|wste] Hesty 75
A4 dnlololdy HA}FE A ASH AL(Lee, B. E., & Kang, S. I., 2005)102}, COCOMO II, PRICE-S,
SEER-SEM G #-& 20| 51} 2] E4& REGsHA| Zatth= Aol F55t0] F714A W
Swoll E3l5 H|§ 24 28o] d XS AAS AF(Kwon, T. Y., 2010)11>7} ATt g Al 7]
Hh SWi= tlolH 9J&4, Ak, & HUEY S2& Qs HjE o]fo= {AH[Eo] FAE =
EAJo] Qltt= Ho] A T Sculley et al., 2015).12)

1 Bolol M= F7IAA A7 Aol WARZE 7]0] A8 5= A7 Wol, sW HEE
Solgt stH gt A2 S49 Y7HALE AA wet AHl&xt of&o] AMYHY. wEkA FUet
SW 7igdeE-solzte AFdS] ¥4 A3 A8 7|0 et A EE v T ol& A4 o]
Z2bd 4 ItH(Ministry of National Defense, 2026).13)

= SWi= A1/ P4 857F o /i IHgolA BA - 54 A4S ZITE SW AIFA
A, B84 B7h EoMd A5 5 A AlE - A5 dAE AAY, gy 800 wEh
A AFEE(SDRLS 2 - AESHL J44HEE P stojoF Fth(Defense Acquisition Program
Administration, 2024).19) T3t HQt 1 70] wE HAT - W& H2> LEALA S, Q7 I
e &8-S Agtste] 7 Aol YT vIRlt: wEhA ol2igt oR&Eo] AAEFAALt

=)

7) Jorgensen, M., & Shepperd, M. (2007). A systematic review of software development cost estimation studies.
IEEE Transactions on Software Engineering, 33(1), 33-53. https://doi.org/10.1109/TSE.2007.256943

8) Clark, B., & Madachy, R. (Eds.). (2015). Software cost estimation metrics manual for defense systems. Software
Metrics Inc.

9) Rosa, W., Clark, B. K., Madachy, R., & Boehm, B. W. (2022). Empirical effort and schedule estimation models
for agile processes in the US DoD. IEEE Transactions on Software Engineering, 48(8), 3117-3130. https://doi.org/10.
1109/TSE.2021.3080666

10) o8, 794 (2005). Hufo]o|Fg olg3t FAME AnEL0] 27T |G Ay 71, HEARSIRR=EAID,
12D(5), 737-744.

11) Ee8: (2010). =7 gL et 77134 Wad AnESo] vl 34 29 7l (AR k=g =&

12) Sculley, D., Holt, G., Golovin, D., Davydov, E., Phillips, T., Ebner, D., Chaudhary, V., Young, M., Crespo,
J.-F., & Dennison, D. (2015). Hidden technical debt in machine learning systems. Advances in Neural Information
Processing Systems, 28, 2503-2511.

13) SR (2026). WAL FRGRAR] QAT T FAGEEE A12023). F7PEHHRAE,

14) WSIARIH, (2024). FAAA AZES0] A B B AT TS A2024-63)
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gRol ASA Gor A SBFRI} 4TS Aolo] FEH Holsh WA & Utk
Al SW 72 o]E 9] 119} F4o] 455 #9olH, 875 = 452 24T W7HA oy 2
&, B Sk, A5, AltksS WhEshs B4 S Zdeth ol 852 A4 It 7 35t
‘dZ0] 2HE dHlolg 5 - A - i, dolE A4, T ‘?_]E 3 =T v AP RO
A RS a7 o ol Al AEHEE AARE 283 BUEZ7A A AofiFr]o] AA 435
of gFth= NIST(2023)199] FHw Fgleich ofatd A ] vhEa - H4 Adat a7A e
A&HA 242 A=z slE =, 4Y 2FARKROOF LGP A 7|Hte s k= e84 ASAA
9} Z35}tE]7] ofHthe =971 FUQ]ofA] o]|FojX|1 QTHU.S. Department of Defense, 2020).16)
olgel 2w AT F2 T Al A4 ARE o T4 v gL YL nYS
MEsHAY I g gole H 242 FAth Iy sWl = SW ARiolA= :4€ 371
FAR7E 7120y TSWARY ti7Hg ZHol &0 UJrE} ojd B-§ FEo 2 duh JAFHE=ATE A
Al A7 2ok, ol2et vl Y EAle FAHRY Aol AHH g tFolx|A] gl
ES AgdTe AT 24 oA, '——'%‘ﬂ* SW E5H[82] EA, Al - oA g 7E
ARAA 7] FARNE A2 AL o, oH T A S dis) @ AFAVE AR ol
A 3HsheA, BlE FEEE A ok Ak HgHT ‘212‘34 1'?—9101 SAHor HekE ook

HollA 71& Aot HEEn & A+ A4A 2 A 2 %ﬂ@ﬂi 7&'%%}04 01 5'0—
WS oozt 5h, ShA MEOA AAIRE Al 7HA] AFEEAIE SACE 24 s & 9

rir

|
L gaA AL AL weste] ¥ro] Hgrhae EAsly|Ee), 74 ATLEA ] f-gats
EABARES B8 A49) WEFH FJo|o] 2715 elstgith
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3.1 97 24

2 AT T SW ALY AFARE AR & 729 AERAE SAH2E ofF, 42 £ W

15) Tabassi, E. (2023). Artificial intelligence risk management framework (Al RMF 1.0) (NIST AI 100-1). National
Institute of Standards and Technology. https://doi.org/10.6028/NIST.AI.100-1

16) U.S. Department of Defense. (2020, October 2). Operation of the Software Acquisition Pathway (DoD Instruction
5000.87).
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SERAE BH] Fo ALY IUIRAE AP BHA 24 EFLA exploratory sequentia
mixed design)S A 25} TH(Creswell & Plano Clark, 2018).17) of|H] ZAK1xHof| A= =8 SW AFG Zrof
SIS dder A AEAAY 2A-T vl FES /NP oE EFoka, 2RAH2AHONA
L ojg TxsHE RO W] AR B, AT QA9 A/E <Table 153} 2,

(Table 1) Overview of the Research Procedure

Phase | Respondents & Period Survey Content Analysis Method

Project areas, challenges in man-
Preliminary | 35 SMEs participating | hour-based cost estimation, defense- |Inductive categorization
Survey |in defense SW projects | specific additional costs, barriers to | of responses — derivation
(Ist)  [(Apr. 20-30, 2026) |technology adoption, and additional|of main survey items
comments (five open-ended questions)

Agreement with eight system | Descriptive statistics,

96 practitioners from |~ . ) A .
limitations, current implementation|one-sample and paired

companies participating

Main |, . levels and perceived necessity of 13|t-tests, effect size, gap
in defense SW projects . . )

Survey (Aug. 12-30, 2026: cost items, the need for additional|analysis, IPA, Al vs. non-

(2nd) 5 ’ " | adjustments, the adequacy of five|Al cluster comparison,

online and offline at

2 public hearing) adjustment factors, and open-ended |comparison by SW type

comments (five-point Likert scale) (ANOVA)

3.2 ou|zAL 2 E2A 1R

e 2ARz 20269 49 204FE 309714 S SW ARRIC] Holshs F4719 3571 W2
2 NS S 7199 F8 o A 92 FIIAIA SW197MAK(54.3%), M&S 97HA
(25.7%), AT HEAA 5/HAH14.3%), Aol A 57HAH143%), 718 87HAH22.9%) ATH B
). $F W& AdHer HFaet 43, s e 1adE - AAFEA] v,
SEAA, ol #2578 BT 72, AR 35 A5 A, drPIE AE WA
T4 g o] oA AR E, I ESHIEL A - A, BEAS - AEE, B, glo]
& - golg, ‘%W -] B 7R AEEHeH, ol EdE 224 AARY 8
NS TSkt AR AL Aite BATY] HES 345k AR7E ohde
JGe HEste 2A AmE L&l
8 12UFH 309714 =7 SW ARG ol7]d dFAE dides dEs A
Foto] F 9699 SHS &

A5t IR EAE 714 wol| AYSE SW 8L 7] 5 (Yt
AAE o] ) 408(41.7%), ZHF

o
o
& 74 - sy ) 22%(22.9%), AFRIE Aol 20%(20.8%),

17) Creswell, J. W., & Plano Clark, V. L. (2018). Designing and conducting mixed methods research (3rd ed.).
SAGE Publications.
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dolEg(dlele] 75 F4) 148(46%)0°) Ark. BRANAE 19 F2 - AR - 4 5 A
A8 U Gstonz K2 S49 Jigst AT MRE 2 Bl SV A0 PRI
o2 I8 $YAT Fa AEIYT AAYA F ol Bol HusHA|, HRot Heo et 37
o) FIAE BT S o] 28] AEAIE Aoto] A, £ ST B5 SW AL
SUsHe 234 2 4RAolng, ug AFSEe te SRIE B8] f AYE|E Althshe
olsiEAL MAE 4 k. whebd E AT Avk 44 v)g Wé#ﬁﬂ ohjet 334 2 4%
Ao] QAo SHstgon, ol B AT T4 UF YIS ANGET ZHETE 1
Qoo TSk A, B APPLA] AV 7] FREW L ST BA e B,
TF SW QY JHX] W B, AR FA - 7|SAHE B 5%, S ok Bhulg nlaig, A B
Qulg dhu] BA B, SW ATHE 7H) WG B, R - T4 9 SW ) velg, 9 - s
Ao ojelg)el e 1w m. SA, 4 SW AROIA WSk 137 1] =] g @)
Aare] gzt A S A Barolch AR, A BH0 42 TSRS HEQ0~40%) 5
271 8B40 WaMw ) BAASGE, 94 BEH, A5 RTSE, S4B T, B
o) AR Helck WA, 27} ) W18 B, L 0 AU A1 Akl T A
ool H% B 57 YAE H(-u$ 137 gk, s S I1FehE 2gsigon], £
Se A2or sl g £ 5A AN AdAHEPE §RLT 94~ 967),

oll

lN

FHE ARe B3 B4, BRUA, §Y BEE ASSte 71284 B4 Ao, 4~5
H SH HES SHSHEGHE - T8 - AAE), 124 SH HES FASHE(IIE)=E
ol ARAY 2 BAAG: 2P A FYRCHL 71202 IR (LS AN F
T 58 $29 544 £942 Sslot 137) vl FEol el Ba BatolH A
I5e B AT ARNE AET AW} 2 AR AR 2Y| AeAE Rojstgion], 4
2] o2 diSHE tHH o= HAokal a¥=7|(Cohen’s A B AlAISIAT. F= Hatol 7]
HHE BAjo] /i SEA A M EA] =l ERlsh] f8 SEAE Wit AR BEL 4
ESIATE A2t #4992 FAE HYs] Aol BRI WYrE] SIUEHT 404, 2.63)2 V€S
oz 3 ZQTHFYE BA(IPAYS AAste] ZF RS 47 AREwo] i[5t tHMartilla &

James, 1977)19) 3 AL 9 47} 953} v]Al 0} YEL Feliez PHESle] YA FeinE
B#e hSEE @AHOR vueli, SW 43U SEAE B A% Hole YYRARA
(ANOVA)O.E AH3IGIek. ARG, 1§ §%, RAAS BFS AR BE v§as Auzos

r

18) Martilla, J. A., & James, J. C. (1977). Importance-performance analysis. Journal of Marketing, 41(1), 77-79.
https://doi.org/10.2307/1250495
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BF7kske P44 (formative) A/ EZ A EQOEZ & 7 =2 TS HA5A] &1 7F v]ga4h

MEAO R 45 tHBollen & Lennox, 1991; Diamantopoulos & Winklhofer, 2001).19)

V. 24783
41 8% AAAAL AAGo] g T

TP AT ARG 871 GOttt SA=E AR 23, BE 39 Bato] 371 o,

SHSHEC] 394% olFo= YEhgon, dRE t44 23 87 P BT FHE 3HEY FAHL
2 FOoMAl =AUTHET39~ 1351, p<001)(Table 2). “AHA] £} - 7|4t HAF =70 Wt 4.00, 5
HEHE 823%=E 7MY B EEEAH0.73)= 7P Wob SEA It oA A= w3 At - &

o

& ¥ SW 7B IRV (97 S o SpHlg vl (3940] FF olgo, ke REEA
7k 1092 7P A A Aol /A 2E Aolt le AR Uit 7 FE) st 2L
42-~73%0] ZAOH, SW R S5 U] gk AP BB G Hlgo] 36.5%E 71 ot @

B AT SW S 54 ZF =LA Hie Alf e20] SEAMER Aol Holeth

(Table 2) Agreement with the Limitations of the Current Cost Estimation System
(N = 96, One-Sample t-Test, Test Value = 3)

Positive Response Rate

Item Mean | SD 45 pts) t p
IHSI‘JHICIGI’H compensation for in-house 400|073 82.3% 1351 | €001
investment and technology assets
SW value not recognized 3.97 | 1.0 60.8% 871 | (001

in production and follow-on phases
Defense-specific costs not reflected 3.94 1092 74.0% 10.03 | <.001

Insufficient reflection of

the value of senior SW personnel 381 11.01 66.7% 7.89 | <001
Insufficient reflection of )

the value of SW deliverables 381 10.79 66.7% 10.13 | <001

Method ill-suited to 3.78 |0.85 59.4% 9.02 | €001

the nature of SW development

19) Bollen, K. A., & Lennox, R. (1991). Conventional wisdom on measurement: A structural equation perspective.
Psychological Bulletin, 110(2), 305-314. https://doi.org/10.1037/0033-2909.110.2.305
Diamantopoulos, A., & Winklhofer, H. M. (2001). Index construction with formative indicators: An alternative
to scale development. Journal of Marketing Research, 38(2), 269-277. https://doi.org/10.1509/jmkr.38.2.269.18845
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Positive Response Rate
Item Mean | SD 45 pts) t p
In‘suff1c1ent relmburse‘ment 375 |0.93 69.8% 791 | <001
relative to actual costs incurred
Administrative and institutional difficulties | 3.71 | 0.94 62.5% 7.39 | €.001
42 W8 W2 BeE, Way ¥ AR

1371 B8 =] A WgeE Ee FEIA Bt 333 ofskR et on, 53] Al ¢ 4
N FEI FARS - /WS B 236~248, HWFIE 552~61.7%= At ojAke] SR}
SE3] WFEA A Tkl IS vl 1S WA g
A7 WE(229), AR - 57HA(19%), FTHEE - SOl HA(19)0lA WAL, =Y B - 2
2AIA Fe 14 SEol Qs fE% FEoldnt N B BE Pt 3.78 oA

A d

AE 66.7% ooz £ YEeH, ‘AIY

2 BT 1045914 +1.787H4] BEslglon, R (4 23 BE FEo|N SAHOR §9
SATHp<001). EFHAI|E Y HE - TRAA EHE036F AT 127] FRo)A 2 $2(d=
0.74)01%11, AA} A9 4l FE-L d=1.16~1.3302 u]L- ZtH(Table 3).

(Table 3) Levels of Cost Item Inclusion, Perceived Necessity, and Gaps
(N = 96; Inclusion Level: n = 94; Gap = Necessity-inclusion Level; All t-Tests: p { .001)

Refl. Mean | Non-refl. | Need Mean | Need

(SD) Rate D) | Rae | G® | t | d |Rack

Cost Item

Maintenance & performance
improvement

Al testing & verification |2.41 (0.97)| 59.4% |4.19 (0.87)|78.1% | +1.78|12.88 131 | 2

248 (1.09)| 55.2% [4.26 (0.91)] 85.4% | +1.78 | 12.02 |1.23| 1

Al data construction,

. : 2.36 (0.95)| 61.7% |4.04 (0.91)]78.1% | +1.68 |12.92|1.33| 3
synthesis & preprocessing?
Al model training 2.41 (0.97)| 59.4% |4.04 (0.94)| 74.0% | +1.64|11.32|1.16| 4
Responding to 2.62 (1.15)| 40.6% |4.19 (0.87)|78.1% | +1.56 [11.13 | 1.14| 5
requlrement Changes
Cloud fees & licenses 262 (1.17)| 47.9% |4.19 (0.84)|81.2% | +1.56| 9.76 |1.00| 6
Al algorithm tuning 2.48 (1.01)| 55.2% |3.96 (0.86)| 78.1% | +1.48 | 11.61 |1.19| 7
Security environment setup |2.56 (1.05)| 47.9% |3.96 (0.89)| 74.0% | +1.40| 9.70 |0.99| 8
Testing, verification & =15 o (1 13| 37500 (426 (0.77)| 88.5% | +1.26| 872 |0.89| 9

quality assurance

Development environment &|2.81 (1.11)| 42.7% |4.00 (0.78)| 78.1% | +1.19| 9.06 |0.92| 10
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Refl. Mean | Non-refl. | Need Mean | Need

(SD) Rate D) | Rae | C% | t | d |Rack

Cost Item

infrastructure setup

Documentation &

. ] 2.84 (1.13)| 40.6% |4.00 (0.92)|81.2% | +1.16| 7.24 |0.74| 11
deliverable preparation

Logistics support analysis
(LSA) & IPS development

Compliance with defense
standards & processes

2.84 (1.03)| 37.5% [3.90 (0.75)| 66.7% | +1.05| 835 |0.85| 12

3.33 (0.83)| 18.8% |3.78 (0.93)| 74.0% | +0.45| 3.52 |0.36 | 13

43 Al - HIAI % ZE2H HI

Al T o] A2t A9d AFE dlS &Rlstr] s Al - 47] =3} H]Al 97 =
o] IR/ ¥HYrES H| WS TH(Table 4). = S AES] WA B2 40022 UL W,
W2 Al 50| 2412 H]AL F52.79)ET 0387 Rolth SHAME S8 AH B2 HiSH
E Ao v wst A, HHg4E0] Aol EAF R G951 O Lh(1(95)=5.31, p<.001) A
9] ztol= Ro5kA] EUTH1(95)=-0.03, p=.973). WA Al T FEH9| Z AX|(+1.64 T +1.26)=
Ba4o] 53] =4 B7H=E 7] "ol ofyet AdY APFA A oA 9] HidgEo] B HEdE
ZRIT &= St} SW K3 Al ¥59 Bt Aks AFGE Aol f30] 2032= 7HF 4L 7]&
B HlolE@o] 242} 1.62, L0 1.360] U

(Table 4) Comparison of Al and Non-Al Cost Item Clusters

Category Necessity | Reflection Level | Gap Difference Between Clusters
4 Al-related items 4.06 2.41 +1.64 Reflection level: t=-5.31, p<.001
9 non-Al items 4.06 2.79 +1.26 Necessity: t=-0.03, p=.973

44 95 -Hr9r BX(PA)

004 FU 4049} HHASE ZUR 2638 7EF0 137] FES ARwo] WK A
<Figure 1> 9 <Table 5>9} 2T}, AHEEL 7123t oS &, v 'R TEsHE 740 wet
eeigon, el 1Egt QL0 Al dole] 750 Al B e WAk T LR
slqitt. o] 7120 Waw Waio] £ v 4o W F7 A Felos gA|HS: - H
AL, <AL ElolE 72, Al RE She, Al BIAE - A%, ‘@A W7 01, Feker - 2ol
£9] 67} 20| YJH]5te(<Figure 1), o] & %] 4] YHE AR} BAle] A9 1~49] 2 &
A W QAR WA geeT ST - oA w2620 T1E263)T 001
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(Figure 1) Results of the Importance-
Performance Analysis of Cost Items
(Dashed Lines: Median Values of Necessity and Inclusion Level)
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(Table 5) Classification of Cost ltems by IPA Quadrant

Quadrant Item Interpretation

Maintenance & performance
improvement, Al data construction, | Institutional improvement needed as a
Al model training, Al testing & | priority(consistent with gap ranks 1-4)
verification

Priority =~ Improvement
(High necessity, low
reflection)

Positioned within the Priority Improvement
Responding to requirement changes, | quadrant but marked separately due to its
cloud & licenses proximity to the reference axis; the same
improvement priority is maintained

Priority Improvement -
Borderline  Items(High
necessity, low reflection)

Reflected in the current system, but a
substantial gap remains; greater consistency
in application criteria is required

Secondary Improvement
(High necessity, high
reflection)

Testing, verification & quality
assurance

Gradual Improvement
(Medium or lower necessity
and reflection)

Security environment setup, | Detailed application criteria by project
Al algorithm tuning characteristics needed

Documentation & deliverables,
development environment & |Relatively low priority, but continuous
infrastructure, LSA & IPS, defense | monitoring needed

standards & processes

Relatively ~ Satisfactory
(Low necessity, high
reflection)

4.5 /d] BAF A Ht 84

A B4 hE 71428 A5 5 27h Byo] WRAL B 412D 107), THSHE 74.0%
2 %7 JeRthERE 7 p<001). Thet RG] 9.4%E THE Eaburt tha gof, B0
ol BS1E 49H ag A5ole FRAL SHAT AR 2T A4 5 B

50] 444 RE FEo|N Bt 384 OFOR FHHOR HAHYOHEE p<00]), A5 &
THE408)0] 7H BT L BEA TR @04, QA B @.03), TFR(3.95), HAAY 8T
55(3.84) 0] Q{THTable 6). H3STHE 2 3.1~52%0 LA HeHd aF5E 2 Hiol
714 g B2EA09N7E Ao A, Afte] T - Hord A - 4T 5 T Het
TE sl BAASR ot a7 BYSz) o) SRA 7 ko] LY Ao HAW
o} ol M SN HO RYSES Sl AR R AL Rt 9lo} AR 71l
Fgsjrie o)do] ANE AZ At}

YA 9o] 372 1AY 24F BE MY EFAE
AAZE - QPR S (safety-critical) 7 oI, SW AZA AF 42 5 A3
ot - A% Awsh W R, WY AL ARCIERA At Aw), A4 g AAL) £A45E
E 2 Aol VY, REP oIF: 74 83 A AA F2 o
AL - EA7)E L AR AN AT o5 24k 714H B4

oo
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HAAS dF $8%, A5 A%, /ILeE Aok, 94 - 8+ M5 5 39 ARY 84 &
4e nests Yoz AT 4 ot
(Table 6) Evaluation of the Appropriateness of Adjustment Factors
(One-Sample t-Test, Test Value = 3; All p  .001)
. Adequacy Response
Adjustment Factor Mean | SD Rate (4-5 pts) t n
‘Performance requirements '(Complexity of 408 | 0.90 71.9% 1178 96
requirements such as response time and throughput)
Operating environment compatibility )
(support for different HW/SW environments) 4041090 80.0% 11.251 95
Interface complexity (Complexit.y b.ased on the 403 | 079 76.8% 1272 95
number of linked organizations)
Scale (productivity adjustment based on project size) | 3.95 | 0.72 78.1% 12.85] 96
Security requirements 0
(secure coding, vulnerability checks, encryption, etc.) 3841091 76.0% 9.09 | 96
4.6 SW +3'4 "l
e} 22 Fofets SW R FEE vlTe 23 o] 7 BE ARG BUE 373 o4, Wa

>~

BAIRE AR 115 0| BoR WY APYAA R ool e G QAT (Table 7). 712
39| WA ARH149)7 7H 711 Ui, Bk a o] Al - Hlolel B4 ARo] SN
O AN SW AT T AA| AL9RY BAALS HolEth BIYS Way FFG.6)0] ¥

of A% A Lrehgon, ol ¥ido] FEHE nlshRct Way Boh AAt Wokd Aue
Sgct. A Bt AR ter QAR A3t 99 7 ol BAHOR FoJ5A) 9%t
OH(FG, 92)=2.40, p=073), $FE TE F7|7} 14~40P 02 Ao|stng &3 71 Ho|= AFALS
selshs 2y A% Hfue 2 %
L 34 Q7oL 998 HES 9 oA SEsto] o] Xolo] AEA

s

It
mob

87} Qith. E3E PRt AR ER AXle Zata7]mp e oF 0732
9 < gAT Fast Ut

fiu

(Table 7) Comparison of Key Indicators by Software Type

SW Type (n) Agiﬁ:ﬁ:)xth Reflection Level Necessity Gap
Basic (40) 3.88 2.80 4.29 1.49
Data-centric (14) 3.98 2.69 4.00 1.31
Model-centric (22) 3.73 2.53 3.68 1.15
Varies by project (20) 3.80 2.57 4.05 1.48
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(Table 8) Principles for Designing the Defense Software Development Cost Estimation Framework

Component | Main Estimation Targets | Evidence from This Study Application Principle
. . Retain man-hours as the
Agreement with 8 limitations baseline for cost estimation
Base Personnel and duration, | (3.71-4.00); open-ended . .
. . while separately assessing
development |overhead, technical fee, | responses favoring phased e .
. . the contributions of highly
cost direct expenses improvement :
. . experienced personnel and
(qualitative evidence) )
technological assets
Al data preparation,
model training and Record these costs as
validation, software testing| Necessity significantly |separate line items in the
Independent . . .
and quality assurance | exceeded reflection cost estimate rather than

cost elements

(QA), cloud services and
software licensing, and
requirements changes

level for all 13 items

incorporating them into the
baseline man-hour calculations

Project
characteristic
adjustment

Project size, interface
complexity, performance

requirements, system
compatibility, security
requirements, mission
criticality, and other

relevant factor

Mean adequacy of 5
adjustment factors: 3.84-4.08

Standardize the conditions for
application, classification levels,
and supporting documentation
to prevent double counting

Life-cycle cost
(post-fielding)

Post-fielding maintenance,
retraining, performance
improvement, response
to vulnerabilities and
data changes

Maintenance & performance
improvement gap: +1.78

Estimate  operating  costs
separately from development
costs, and establish the
operational  period  and
update cycle during the
planning stage to ensure
separate budget allocation
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(Table 9) Comparison of Current Cost Estimation Standards and
Directions for Integration into the Proposed Framework

Defense Industry

SW Project Cost

Category Cost Standard Estimation Guide Link to Proposed Framework
Since the applicable standard for
the same SW development activity

Scope of Defense cost-subject | Public-sector SW projects | varies depending on the legal

N items (weapon system | (informatization projects, | classification of the project, the
application

R&D, production, etc,)

etc.)

proposed framework is designed
to identify cost elements that can
be applied under both standards

Manufacturing cost
structure: materials,
labor, expenses, general
administrative costs,

Cost structure

Direct labor, overhead,
technical fee, direct
expenses (man-hour method)
or function point-based

Base development cost uses each
standard’s labor cost structure;
independent cost elements are
mapped to the corresponding cost

profit, etc. development cost categories of each standard
Examine how the contributions of
Profit  calculated .| highly experienced personnel and
. Technology compensation :
Technology |according to the . -~ | technological assets can be reflected
} i reflected via the technical
compensation & | compensation structure o . separately under each standard
) fee (20-40% of direct labor . . ..
profit set by the cost through profit compensation provisions
. plus overhead) . . .
accounting rules and differentiated technical fee
rates, respectively
The function point|Extend the adjustment factors
Project No explicit adjustment | method incorporates | specified in the Guide to defense
characteristic |system  for  SW | adjustment factors for project | projects while incorporating defense-
adjustment | characteristics size, interface complexity, | specific considerations, such as

performance requirements,

mission criticality and verification
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Defense Industry SW Project Cost
Cost Standard Estimation Guide

operating environment
compatibility, and security | intensity
requirements

Category Link to Proposed Framework

Focused on R&D , .. | Estimate life-cycle costs separately
: _ | Provides separate criteria )

and production costs; L from development costs and examine

. o for estimating software o 1

limited criteria for ) ~ | the applicability of the Guide’s
o . ... | maintenance and operating , o

estimating post-fielding maintenance  cost  estimation

) costs )
SW improvement costs methodology to defense projects

Operational-
phase SW cost
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